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(54) Solid state image picic-up device having a high precision defective pixel detecting circuit 
with low power consumption 



(57) Image pick-up device (100) reads image pick- 
up signals of all the pixels of CCD2 once when an opti- 
cal system (1) is in light intercepted state. By conparing 
the image pick-up signal from each pixel with a first 
threshold value THL1. a possibly defective pixels are 
extracted. Thereafter, by reading the image pick-up sig- 
nals for a prescribed number of times from the CCD2, 
accumulated value of the image pick-up signals of each 



of the possibly defective pixels is calculated. Based on 
the result of comparison betvt/een the accumulated 
value corresponding to each of the possibly defective 
pixels and second threshoki value THL2. an actuaDy 
defective pixel is specified from the possibly defective 
pixels. 
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j^:,^^ Description .V..,- . ^ , , ^ _ ^ ^-^^-S '-i-^"- *■ 

BACKGROUND OF^T^^ - - . *\. ^ ' ; : V'^r ^rl • . ... • 

5 Field of the Invention 

The present invention relates to a defective pixel detecting circuit for a solid state image pick-Lq3 device arid image 
. pick-up device including the same. More specifically, the.present invention relates to a defective pixel detecting circuit 
/ r, of a solid state image pick-up device in. for example/a yidep^^mera oi; ari electronic stiti camera which is capable of 
10 automaticaliy detecting and con'ecting:a:defectiye pixel, and to an image pick-up device including the same. 

Description of the-B^ckground Art , ^ ■'-•'^ \.'r^;u ' l ' >r . - 

In an image pick-up device such as a video camera or an electronic still camera, a solid state image pick-up device 
75 : such as a CCD (Charge Coupled Device) is used for converting an optical inrage td ap image pick-up signal, generally. 
The solid state image pick-up device has two functions, of photo-electric conversion and scanning. More specif ically, the 
solid state irnage pick-up. device includes photo-electric converting elerhents such as MOSs or phptpdipdes arranged 
two-dimensionally, forming a number of pixels.. A charge image is forrned in accordance with the intensity of light inct- 
K dent on each pixel.^the charge images are scanned successively, and image picKup signals are taken in time sequen- 
ce, tially. ■ .■-^.■r- ■> ' ^ !r=^V k!.' '■. J. ' 
. . , Among tiie pixels of the solid state image pick-up device. 0iefe.is possibly a so called cljBfectrye pjxej, which outputs 
a signal of an ^abnormal level without incident light. Whenj^there is such a defective pixel, quality of the pick-up image is 

degraded.-. , , / . ■ ^ j^-- i - ^ iv- >^ ^ - '-.^•■^ 

; : i ! Such a defective pixel is generated not only as an. initial defects, but it is also generated because of, aging, as the 
25 solid state image pidcTup device, is used ^ , . . . : 

^^j;.: . - The portion of the defective pixel itself is fixed. Therefore, generajly, tiie^ pidktup signal frorq the defective 

pixeliscorrectedby storing the position thereof in advance.:,^ wv^,---. ^ -^^^ . . . , ; \ 

o More 5pecifically.;the defective pi?(el;is detected at ttie tinhe of delivery^^pf the device and 

~ : thereafter periodicallyrthe^ppsitiqn information of the defef^e ^emi^^ is stored in a stbniig d^ce. and the lira pick- 
up . up signal corresportcfing to. the defective pixel is replaced by iifrterpblatibn, using Image pid^-up sjgna^ frcp the pixels 
around the defective pixel. Such an irtferpolalipn is peiferm«j.after the intage p^ signal 
and before processing the signal, by reading the position information of the defective pixel frorii the storing device and 
-.2 J .by interpolating the,def ectiye pixel jby using the image pick-up sigrials one-dirnensionally, or twc^dinlehsipnaily therea- 

-.round;.; . . . ; .1^.-; 1 v - .: • V. 

35 Japanese Patent Layirg-Open No. 5:26^)38^^^ a defec- 

; tive.pixel as follows. Mpre^specificajly, the level of the image pk:k-up.signal from each pixel oltiie COP js 06 witii 
cv;a prescribed threshold value writh^the light irot of tiSe pixel outpi^^ image 

; pick-ip signal of an abnorjraMeyel, that means, higher^theui the threshold value, on tiie CCb. ,is stOT a register. 
: . Wheri the pixel corresponding to the position. data stored in the register does hot coritinuously at^in the abhorrnal level 
40 tor a prescribed numt^er of times (for example, ten times), ;tiie position da^ is erased from'the regjsW.^^ Eri^neous 
V detection because of ndse or the lite can be preyemed by thi^ , _ , /' 

. However, since.it is necessary to indiids'tfie^white level.to.t^^^ level pf.the CCD output in the.dyriantic range, 
: the difference in level t^tween the output of a normal^ pixel ,and;pif a.defectiye pixel cbtained at one photo-electric con- 
versk)n is not so targe, when outputs of the. CCD ynth no jn^ Therefbre, if a defective pixel is 

45 to be detected by the structure of this prior art, setting^qf ttie threshpld value is, considerately difiici^ / 

For example, if the threshold value is set too high, a.defective pixel nnay be erroneously determined to be a normal 
pixel, and if the threshold value is set too low, the nomral pixel rray be erroneously recognized as a defective pixel. 

. Specialty when a defective pixel cannot be recognized unless, the^output therefrom exceeds the threshold value 
continuously for ten times, for example, as in the above deserved prior art a defective pixel rnay be erroneously deter- 
50 . mined to be normal if the output therefrom does not ecceed the threshokl value only,orx:e, and tiie defective pixel is 
.^.overlooked.;, . - 'i \^ r/.v; ; - ■ ' • 

, . ^ Further, if the operation for detecting a defective pixel of the CCD is always performed at the time of power on of 
^ : . the video camera, that is, ew^ery normal image pick-up operation as in the prior art described above, it is possible to rec- 
t ^ ognize generation of a defective pixel due to aging with high precision. However^vit is ne;pessary to monitor the image 
55 pick-iqD. outputs from .the CCD,.for a prescribed,nunfiber erf tirnes in order to prevent errpneous.detedioh. and it is nec- 
r . essary to operate the CCD^and succeeding detecting drcuitryv such as an. image -merrrory for a c^auri time jaeriod for 
detection, which includes at least several frames. Namely, tiie signal processing inevitably consumes. cmsiderable 

power; r:^*- ^-,^= • -vv .r^r^trj-^ * •.. , J ij;-;, c -k. ^ ... j. ^ •^ rv/-: .^v-?'' j=v 

r. :■• V ^ \ Now, aging of the. CCD does.not so>f requerrtiy;^ generate a defective pixel m general;, Ther^re,.d^^ pjxel 
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detecting operation at every image pick-up operation is wasteful in view of power consumption. Further, recently, a bat- 
tery having small capacity such as a dry battery is often used as power source for a video camera! or an electronic still 
camera. In such a camera, frequent detecting operation means that much power is consamed for the detecting opera- 
tion, and the time in which normal image pick-up operation is possible becomes shorter accordingly. 



SUMMARY OF THE INVENTION _ , . , , , . : , ... 

' ■ An object of the presem ifwbntion is to prw^^ for a solid statie image pick-up 

device allowing detection of a defective pixel with sufficiently High pKecisbn evea^^^ value itself is set not 

10 so precisely in the operation for corriparing with the threshb 

Another object of the present invention is to provide an image pick-up device which allows both reduction in power 
necessary for detecting a defective pixel caused by aging of the CGD and quick*discovSry-6f the defective pixel. 

A still further object of the present invention is to provide an image pick-up device which allows t>oth highly precise 
detection of a defective F>ixei alid i-eductioiri in pcwver. ' ' " ' - ' ' ' • / ^ ; - " V " ' 
75 " In sumrnary, the present invention provides 'a defeirtiv^ pixel detei^ 

indludipg a light interceptihg m^anism^^^a^ and a ddfettive pixel specifying d'lbuit: The light imeicept- 

ing. mechanism intercejpts incidenbe of light to; the solid state image pick-up devicei. The image memory stores image 
' pick-up signal of each pixel from the solid state image pick-up device with the incident ligftf ihtercepted, as iniage data. 
Th^ defective pixel specifying circiiit specif ies a defective pbcel fh the solid state image' pick-up d^^^ on the 

20 image data in the image memory. The defective pixel specifying circuit includes an operating circuit and an acctimulated 
value calculating arcUit. Ilie operating circuit re^ds irna^e data iof one irnage plane obtained with the light irrtercepted 
frbm tHia irhkige memory^ and compares the dafe with a fifst thresh^^ ©rtract a pbssilily defective 

pixel (hereinafter referred to as a candidate pixel). The accumulated value calculating circuit reads image pick-tip sig- 
nals frorn the solid ^tate linage fjick-up' device "a pre^dribeS hiii^ of times witit the- 1 ight intercepted- and calculates 
25 accumulated value of the image data of every candidate pixd. The dpWatirig^^cirojit cornjDares the accumulated valua 
of eN/ery carkikiate pi threshold valiie, ahd ^©cffies^ihat candidate pixel of w^ich accumuteted value 

exceedsthesecoPKlthreshold value, as a defective pixel. ' "^ ' ^ > ; ^ v ^ ^ > rn - 1 j a:, 

f^ore ijfeferably ■ the^ op^rafing circiiit calcufetes* tfie second WesrtbW v^l^^ a nriedri S^lue^b^^^ image 

' dat^ olf 6he iriiage plane d^l^^^^^ 
30 Acidbrding to anbther aspect, the pr^ent ii werrtidri provkles an image prckHjp device iritluSilg^n tniagiiig device; 
a solid state image piCk-up device, a light interce^jiting iVie<%ni^^^ furr ima^e me^ a defective pixel specifying circuit 
arid^ irttieitabla^ ' ' ^ ' - ■ ^^-^ > i r; . ^ ^ l:- 

Th4 inlagin^'dwd^ forms ^n irnage upori r^^tibri^ of light fl^onrva siubjecl; The solid state image pick-up device 
converts the optical image formed by the imaging device to an image pick-up signal. The light intercepting mechanism 
35 intercepts 'Miidfent^ of ligfrt to the solid state irnage piid^J-Up'devlciR^^ 1^ irnage pick-up signal of 

each pweffrcHil the solid inrage pid^^uprdeyice with the light irjiercepted Ws image data. Defective pixel specifying 
circuit si^ii^fies a <^^^ pSiel in the solid state ini^ge pick-up dei^ice tidsed oil the irnage data in the image memory. 
Thie defective pixeil s^ circuit includes an operatiiig circuit and ^ 'accuiiriulated valued calculating drcuit. The 

operatiry drcliit re^ds imi^ige' data* of one image' plane obtained With the light;irite from the image memory, and 

40 compares tfie daWwiiii a 1 ir^ threshbld value piiel by pixel to extract a pdSsibly defective pixel (carxiidate^tpixel). The 
accumulated value calculating circuit calculates; by ireading the image pick-up signal from the solid state image pick-up 
device for a prescribkl riumber value of image data of every candi- 

date p'xel. The 'bperatingdrc^ cdrVparefe thei abdur™^ valu#df' every candidate pixel with a second tfrreshokj 
value, ath spiecif ies that candidate pixel of ^Which Accumulated value ex^;eeds thie second threshoW value as the defec- 
ts tive pixel. The irtterpioiatihg drcuit iriter^^^ signal cbn^esponding to the defective pixel; by^using 
irnag^e pibk-up signals from the pi>rels ther^arouHdrba$6^ oVi the data of the position of the defective pixel specified by 
the .operating cii-cuit:'' ' ' 'r^- ii:^/^ ri^iv.jri^: i.. ^ y y ' n r-\ 'i -:■ 

According to a still further aspect, the presearrt invei^^ 
ing irhechanidim. a batlOTy.'and a defective pixel detecting circuit; The light intercepting nnechanism can be selectively 
50 moved between twio positions, that is, a light intercepting position where the light incident on the solid state image pick- 
up device is intercepted. arxJ a non-intercepting position. The battery is attached to a battery attaching portion and sup- 
IDlles piower to the bbdy bf the image p)ick-up diawce: The defective pixel detecting circuit detects a defective pixel of the 
solid ist^e imige pid<-up device based on the level of the image pick-up signal of each pixel from the sofrd slate image 
' pick-up devida with the light intercepting mechanisrh position^ at the intercepting pbSitibn. Tlie defective pixel detect- 
55 ' ing circuit performs the def(Bctive ipiixel detecting tiie light interceptihg mechanism ismoved from 

■ thehbn-intercepting^^ 

---^'^ytechingporfem ' - ■ . ^ V-^'''^^:-' t'. j ■ / • - v ^-r-;.;./ -3 ; ..:/•:.■(■ 

Therefore, ari advantage of the present invention is that once a candidate pixel is extracted by rough threshokiing 
dpefatidri; &rid the defective ptixel is spebifikl basiedlDrif^tt Value of each pixel accurhulated by reading 



3 



SNSOQCtD: <EP 0762741 A2 I > 




c EP 0 762 741 A2 

.f.: ..the image pick-up signal a plurality of times, so that defective pixel can be detected ^glj sufficiently high precision as 
; . compared with the precision in setting.the threshold value. : : \ ^ 

■c^ :( i Another advantage of the present invcention is that power consumption. nec.essary.^rf detecting the defective pixel 
caused by aging of the CCD can be reduced while the defective pixel can be discovered, quickly as detection of the 
5 , defective pixel is performed orice at every battery . . - . ^ 

.'. The foregoing and other objects^tfeatures.; aspect and advantages of the present invention will become more 
, ; apparent frorn the foflowing detailed description of 4he present invention, when taken in conjunction with the accompa- 
-r.rnying drawings. [i-, t - ,i_'-v;,;n" ...j'^O • v : . . v:.. • - 



ro BRIEF DESCRIPTION OF THE DRAWINGS. oni^^:^.vvc , . ,^ . .. 

' .v: is a schematic block diagram shpwing a smjG^^ 

device 100 in accordance with a first erntxxfiment pf^the;P . . 

J- Rg; 2 is a schematic diagrarnshcwinganexarnple of arrangement in Fig. 1. 

15 . Fig. 3 is a flow, chart showing the defective pixel de^ 

' ng..4isaflowchart.showingthe pperatipn pf a system cqn^ ... 
/ 1 FiQr 5 is a schematic block diagram showing a structure of image pick-up device 200 in. accordance with the first 
t i i emtxxiinrient of the present invention, , v , . . . . , , \ . 

Rg. 6 is a schematic diagram showing arrangement of color f ilters provided on a light receiving surface of CCD2. 
20 Rg. 7 is a first schematic diagram showing interpolating operation by an interpolatirig circuit. 40: , . 

: Rg. 8 is a second schematic diagram showing irrterpolating operation by the interpolating circuit 40. , . 
^ :) ; : .;Rg. 9 is a schernatic block diagranri showing a structure of. a defective pixel dete^rting portion in an inriage pick-up 
device 200 in accordance with the second embodiment of the present invention. ; , , - , . ; l , • , . 

25 vDESCRJPTIONOFTHE Pf^EFERRED EMBQDIMi^^ r > ^..^^^ r i ^^^^ - ; V^^^^^^ 

Rg. 1 is a schematic Wock diagram of a main portion of an image pick-up device 100 in apcpixJance: with the first 
enrixxjiment of the present invention. Rg. 1 shows a defective pixel detecting portion of an electronic still camera, as 
an example. .-^ v.- -,.•';:,).• v • 

30 Referring to Rg. 1 . light from a subject (not shown) enters CCD2 through an optical system 1 . The incident light is 

0 .o subjected .to photorelectric conyersiojri by tiie CCD^converted tp;C^^ an analog/digital converter 3, and 

1 stored in a main image memory. 4i.; , u,- m - ^.-^ : : : r ^ n: : t ii - ^ 

r, ; ! Here, the optical systemil includes a plurality of lenses and, in^general. it also has functions of alow pass filter, an 
r! infrared cutting filter, aiinderand.soon.^-^^ -v ^ r^^^N. . / : ; A* v:v.;^ 

35 ^ On-tiie entrance side of the optical system ,1 , there is.arranged.a mechanical light irrtercepting rnechanism 30 which 
; imercepts light from the subject niarujany or by electric pow^^^ - ' ^y:r'^:MU:.: 

f: / r . : The light intercepting mechanism 30 is constituted by a light intercepting plate.SOa and a lever (r\gt shown) for mov- 
• ^ Jng the light intercepting plate manually or by electric power. Ligtrttintercepting plate 30a prevents incidence of external 
^incident light to CCD2 when rt is positioned on. the optical, axis of the lens constituting the optical systenri Jl (light inter- 
ne cepting position). By contrast, when.it is out of the optical, axis (non-intercepting position); it allows incid&ice of light to 
^.-''CCD2... ^ r I.? -'^ - M s ■ ^' v 

/ ^ ^ iUght intercepting plate 30a is always positioned at either of the ;tvy^ 

^ moved by manual operation of the.lever or electrical.driving, .k3y the operation o^^^ Light triterceptirig mechanism 

V 30^also serves to protect the optical system 1 when the device is not inj ^ :; /. - .-^ 

45 i Near the light irrtercepting position merrtioned above; there ^ provided ajimit.switch 52 wtiich.seryes as a power 
switch of the camera body. An output from limit switch 52; \s input to.a system controller 50.; : j . 

^ ■ : ' While the light irrtercepting plate 30a is at the light irrtercepting position, light irrtercepting plate 30a is in corrtact with 
limit switch 52. Upon reception of the output from limit switch 52. system controller 50 stops power supply from battery 
51 to various portbns of tiie camera, setting the camera to power off state. 
so Meanwhile, when light irrtercepting plate 30a nwves from the light irrtercepting position to non-intercepting position 
by manual operation, for example, corrtact betweei limit: switch,52 and light irrtercepting light 30a is canceled. Upon 
reception of the output from switch 52, system controller SOTsupplies power from battery 51 to various portions of the 
camera, thus the camera is set to the on state. 

Battery 51 is detachably contained in a t>attery containing portion provided on the camera body, and supplies power 
55 rito various portions^ of the camera when power is on. Meanwhile, 7 when the tatteryjs.to be exchanged. ithe user nr>ay 
change the battery by taking but the battery: . :^ : > . : 2 v. : -u , fo ;5 cn; ; n 

0' V The indd©rt light from the suk^ect which has passed through optica! system 1 forms an image on CGE^^<and it is 
c c subjected to photo-electric conversion to image pick-up signal by eCD2; GeD2 is driven such^thatithe incident light is 
photoelectricaify converts in tiie period:of 1 frame, forLexample:v > . - ■ :^ r/. ^' o : . f !:> ?} ?'.> 
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CCD2 irrcludes m^t)L^;els/lh^^ signal from each pixel is converted to a digital signal by aii A/D converter 

3 of the succeeding stage, and A/D converted outputs of all the pixels- are storefd as image data in main image memory 
* 4. Here, CCD2 is driven controlled by a reference timing signal output frcm a timing signaTgenerating circuit 5. The ref- 
erence timing sigrial is aSso supplied to an address generating circuit 6. ) i ' • ^ \" ■ 
£ Address generating circuit 6 includes a counter for cduriting the refei-ence finhirtg' signal, and outputs the count 
value as an address in biie to one correspondence to each pixel of the CCb2: F^^ the coordinate of the 
' pixel oh the upper left corner of the CCD2 viewed frbrri the errtrahce'side-is rep^^ as (1, 1).'lhe address of this 
pixel would be "1". Meanwhile, the address of the central pixel on CCD2 is and the address of the pixel at coor- 
dinate at the lower right corner is 
10 Upon reception of address information from address generating circuit 6; a read/write control circuit 7 controls writ- 
ing or reading operation of the main image memory 4. using the information as write address or read address. As will 
be described later, control of write/read operation of the rnSain inniage memory 4:by write/read control circuit 7^is control- 
led in accordance with a mode signal generatedfrom system controller 5b. ■ ' - ^y sb ojo/ rx, • to - . 

Switch 20 selects and supplies to wi^ite/read control circuit 7 eitheir the address output frorti address generating clr- 
15 cuit 6 or the address stored iri position data memory pbrttbn 9; which witf be<fescribed laten The selection position of 
switch 20 is selectively switched to 20a, 20b aiid 20c in accordance' With'^the rnbde signal frcJrii system controller 50. 
Namely, when switch 20 is set at the selection pbsitiors 20a. thie addresss signal from address generating circuit 6 is sup- 
plied to write/read control circuit 7. When switch 20 is set at selection position 2Gb. the address from position data mem- 
ory portion 9 is supplied to write/read control circuit 7. When switch 20 is Set to select position 20c; address signal is 
20 not supplied to writeyread coritrol circuit 7.^ ^ ^ -y: : ■-■u' :: ]■: ~ » . 

When defective pixel detecting opei-atton is to be performed, bhe^of the lhr6e different rt»bde signals '^fo^ succes- 
sively executing three niodes. that is. candidate psxel regsktratioh nrtode, accumulated valufe bialculating mode and defec- 
tive pi xel deter mini ng mode, is output selectively: ' " ■ ■ ■ ' ' ' ' * ^ r ' J ' . e : ^ ly - : : : • ; . ^ ; . 

Candidate pixel memory 8 includes a position data memory portion 9 and a level data memory portion 10. Position 
25 data mennory portion 9 stores the address in the main irna^g^ memory'4 of the candidate pixel which is determined to 
be possibly defective, as position information. Level data memory portion 10 stores the Image data of the candidate 
piixiel aslevc^ ihfbrrnaticn;' --^^-^--^ ^-^ r c^j-r.^i ntr \^ nc;;i,':;>; r,<zri -.-i^o: ^ ;'Oc=r; ^v.:,- :, • -v* ' 

[Candidate Pixel Registration Mode] ' ' ■ • 

' ' rn 'cahdidate pixei registration mode, switch 20 is set to switch? pdsitioh 20a.?CGnnparator 1 1 - oomparesl irt accord- 
ance with the address signal output from address generating circuit 6, the image" data value of respective pixels t)Utput 
successively from main irinage'nfiernbry 4 with a pr^et firSt threshold value THLl .ojnder the control of-write/read control 
circuit 7. When a pixel of which image data value exceeds the first threshold value THL1 is<Jetected; comparator 1 gen- 
35 erates a first registration iristruction signal to candidate pi)^el membry^S.' In response' to the first registratibn instruction 
signal, candidate pixel memory 8 stores the address and irirtage data' value of the pixel at presaibed positions of posi- 
tidri bata memory pbptiohi9ahd level d^ta merttbry portion 10. respectivety; 'Between main image memory 4 and level 
data mehniory portion 10. ^a-sw^ from sy^em controller 50. Is placed; In candidate 

' pixel regisitration mode; switch 22 fs switcTied tb the side of fixed contact 22a;'Therefore. simultaneously witii the input 
40 ' of the infjagie data read ffoiri rhain Jriiage memory 4 to con\*6rter 1*1 1 tl is also input to level data memory ixwiion 10. 

IVIeanwhile, switch 21 is controlled by the mode signal from system controller 50 arKi is rendered conductive in the 
candidate pixel registration mode* Therefore, image data output froirr^ rrmin image memory 4 ts input to an 'adder 12. 

■ Aclder lecatcuIatessum cftheinfiagedata of aH m^ 
candidate pixel registration nrK)de. More specif tcally. it^is ah adder receiving image data from the main image rriemory 
45 and performs digital Integration, thus balculatitrig the ;^um of the image data of all the pixels of one image plane (one 
frame). A threshold value calculating circuit 1 3 teceives th^ result of calculation of the sum of innage data of all the pixels 
' from adder 12; and calculates a second threshold value THtia used in a defective pixel determining rnode. as will be 
described lateri in accordance with the foliownngequ^^^ ^ < . cj 

• ;^-> " rHC2^ Y^D[iymxN -^ Q - ' : :r (1) 

h \ i. - \ ^ ■: - ^ $: C r..^ 

55 - ; In equation {1)i D ti] (i: an Enlegei froni 1 ton) represents inriage data vaSue of each. j5ixel. m represente 

nunrtoer of pixels in tiie CCD. and n represents total number of reading of tfie image data.froni tiie.CCD in the candidate 
' * pix^l regiisiration mode and in the accumulated value calbulating mode, that is; the nunrbor bf phbto-electfic convasion. 
: i,: it is assurned'tiiat the nanober ri of phOiO^eledSric :c6nversipn>is set to aprescribed value in advance. Further, Q f^re- 
sents an offset value ofthe threshold value set irv advance iri accordaricef weth experiment or; the like; : 
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[Accumulated Value Calculating McxJe]t c. 1. . : — , ^-r ■ - ..r^-r^.i- . ••}:y::,r\y o- > ■ 

- v .- Adder '14" reads' image data corresponding to the cancfidate pixel from the rtiain image memory every time the 
stored content of the main image memory 4 is updated as CCD2 outputs photo-electrically converted output at every 

5 : 1730 sec, in the accumulated calculatirtg mode. More specifically adder 14 reads the image data using the address of 
,the candidate pixels stored in the position data memoryportion 9 as .the read address, and adds the read data to the 
image data of the same candidate pixel stored in ihe level data memory portion 1 0. In the accumulated value calculating 
nrrode, switch 22 is closed to the fixed terminal 22b. Therefore; the value to be added output from adder 14 is output to 
levierdata memory portion 10: through: switch 22. and the stored content of the image data corresponding to the candi- 

10 y date pixel in level data memoiry portidn lO is updated: More specifically, in level data memory portion 10. accumulated 
value of the inriage data of the candidate pixel is:cbnstarrtly^^^ . . . 

In the accumulated value calculating imode. switch 20 is switched to the side of the fixed contact 20b. Therefore, to 
the write/read control circuit 7. addresses of the candidate pixels stored in the position.data memory portion 9 are input 
successively. Write/read contror circuit 7 successively reads only the image data of candidate pixels, using these 

15 addresses as read addresses.''' - '-i ^ i ,;. ..^- j L : , . , . , • " : . 

[Defective Pixel Determining Mode] 

Thereafter, based on the accumulated value calculated for every candidate pixel in the accumulated value calculat- 
20 ing mode, defective pixel is determined. A comparator 15 connpares the accumulated value of irnage data of each of the 
candidate pixels stored in level data memory 10 with the second threshold value THL2 calculated in threshold value cal- 
culating circuit 13, for every candidate pix6l, in defeictive pixel determining mode.: When a candidate pixel of which accu- 
mulated value exceeds the second threshold value THL2' is detected, ^comparator 15 outputs a second registration 
y- instruction signal. Defective pixel memory 16 takes the pbsitioii address of the corresponding pixel from petition data 
25 memory portion 9. and stores it as the positibn data of defective pixel, in ^accordance with the second -registration 
^ Unistrurtion signal butputfromconparator 15.^^^^^^^-" r ^ . v :. c i; 

^ • - ^ - At the time' when the-candidate pixel registration mode; accumulated value calculating mode and defective pixel 
^ deteVrhiriing mode are all complet^.'fi^^^^ the pixfe! which is determined to be defective is stored in the 

• '^-defecti\^|Mxel menric»ry iis;^ r ' o- r . . ; : ■ n\ ; . - ; , - : { ^ ' V ,i ; • • 

30 ' ' f The deffetivef^xel detecting ope^^ 

( 5 ng, 3is a flQw diartshdwing they^^ •/ . . : . f ;: , > 

Referring to Fig. 3, in step SI, incidence off l^ht to optica! system i is intercepted by light intercejiting; mechanism 

• Thereafter, with the light interct^ed, CGD2 performs the first photo-electric cohversion.'-and at phbtc^electric con- 
35 verting elements conrespOTtding to r€fspective pixels; sigrials corresponding' to the intensity of incident light are gener- 
ated. System controller 50 outputs a mode signal which con'esponds to the candidate pixel s registration mode. 
Therefore, receiving this signal, switch 20 has been switched to the side of the fixed contact 20a. Read/write control cir- 
cuit 7 stores outputs corresponding to all the pixels of the CCD2' which have been subjected to digital conversion, in 
nnain image mennory 4 pixel by pixel based on the address output from the address generating circuit 6 applied through 
switchr-ao (StepS2)."" ^ ; ^ ^ . v^- i:. :. ■ V. - . .^-i- c^,r. - ;*;^-i';'; v- ;r ,v >...:' 

In Rg. 2, image data of the pixel conresponding to address i is represented by D [i]. It is assumed tf^t there are 1 
to maddrfesses and image data D [1] to o [ill], so that a^^ ^ 
- For the operation in the caridkiate pbcel riegisbration mode, rela^^ circuit 7 initiially sets integer auxiliary 

variables iarxJj both to *1"€uxJ variable s to '^^^^^^ ' - • - • - ^ - i iv : ; 

45 - When storage of' iniage data off all the pixels in ^mairi^ tnr^gdVmemo^ is compreted. write/read control circuit 7 

instructs start of reading off image data of each pixel fronri nl^n irnage memoi-y 4 (step S4). * 
^ * ^'^ ' 'The read image data D[i] erf each pixel tecxmi^^ (st^S4). 
When it is determined that image data D [i] exceeds the threshold value THLI , the address i of the corresponding 
pixel is stored in position data menwy portion 9 as address P [fl of a cardidate pixel, and irnage data D [ij is stored as 
so image data L [j] corresponcfing to the candidate pixel, in level data memory portion 1 0. Simultaneously, the value of var- 
iable j, which is the rkinriber of the candidate pixel^^^ . - 

Meanwhile, if it is determined that the read image data D [i] is not higher than threshold value THL1, the process 
proceeds to the nektstep'(step'S4). . - • : : 

Therefore, when a pixel of wl;uch image data D [iJ exceeds the threshold value THL1 is detected, a pair of tiie image 
55 ;' data value'and the'address value in the rniain intage menriory 4 correspording to the p6sition< on the CCD2 of the pixel 
^ ^isstoiredihthecandidmepxel menibry 8.' ' ^ tcju' l :! r v ; . ^ . - . ; m . 

For example, when the condition D [iJ > THL1 is satisfied by eight pixels having the coordinates (x1 ; y1). (x2. y2). 
, 1 y^)' y^)* (^7- y^ O^* y^) ^ CGD2= as shown fn Rg: 2, the addresis values of tfiese pixels 

' on the main image menriory 4 are stored as'P [1|t6' P [8] in position data meriribry p^ image data 
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values corresponding to these eight pixels are stored in level data memory; portion 10. ' - V ^lev i- ■ 

Thereafter, to the variable S used for calculating the image data value of all the pixels, the read image data D p] 
from CCD2 is added.;Meanwhile; the auxiliary variable i indicating the address of the pixel which is being processed is 
incremented (step-SS);'.: ^'V" ■:: ... : '^r, : :n:-, r. . ^> , • . ;: ^- ■ , .r: 

5 :. In step S7, the value of the auxiliary variable i is conrpared;with the ijiaxinfuihi value m of the pixel address: If it is 
determined that the \^alue of the auxiliary variable i is not higher than the imaximum value m of the pixef address, the 
process returns to step S4. Meanwhile, if the value of 4h6 auxiliary. Variablei is delermined to be larger than the maxi- 
. mumvalue niof the pixel address, the process proceeds^to -the next step (step.S?)::; ^ ; : ; 

. . - ; Accordingly, the operation from step S4 to step S6,is repeated on all the:pixels, that is. Image data D [ij of all 
10' addresses. In step 87, when it is determined by the write/read icbnfrol^ circuit- 7^ that the value of the auxiliary variables 
exceeds the number m of all the pixels in CCD2, that is, the?numbenof all the addresses prepared for storing image data 
mmain image memory 4. the candidate pixel registering operation is completed/^: v • • j ■ - : s 
; ■, V Thereafter, in order to- set the variable value used for the next operation mode, .the following operation is carried out 
- (step S8). ■ >: • • ' . .'-^ •{>.- ^.?:jc; v^w' - '^-.o' -'v - ; /-w; •■ ^ i-? 

ts First, according to the equation (2) below, a value U is calculated, which is the product qf the mean value of the 
image data of all the pixels by the prescribed number N of photoelectric conversion. 

U = S/mxN (2) 

- ;The value of the-auxiliary variable k is initially set to M", and the number of candkiate pixels J. stored in candidate 
pixelmemory 8 isprovided as J = i- 1 ; c. ^ . . , , - r..-.-i --^ ^r:}- b:--^- 

; Thereafter, the process proceeds to the accumulated value calculating mode. . l / f. ? ^ j y ^ ^ r .o 
... ' ; ? in this rTK>de, tlie,auxiliary variable j is initially set tp^^^ % i,. . ^ : : > r -^i b : ; ; 

Thereafter, write/read, confrd drcuit 7 instrticts second wri^ng . operation of the photCHelectrically converted output 
.25 from the CCD to the main image n)enx)ry 4. wjtthrthe lig data corresponding.tc the second 

photo-electrically converted outputs, image data of all the addresses In main imagememory 4 are updated (stiep S10). 
: . In eceumulated: value calculating mode, is 
opened: Based on the position data of icandid^te; pixel registered in p^ttioh: data menr^ 
circuit 7 instructs reading of image data corresponding to the candidatepixeK.obtained l^y t^ 
30 conversion, from the main image menrwry 4, Adder 14 acWs the intage data pbtaip^J by the se<»ndphot^ 

version and the image data obtained by tfei^ fif:^ phq4o-^lectrjcL<x)nversion stored in l^etdata memory. portion 10. both 
corresporiding to the^sarne candidate pixel, and ou^put^ r^: i;;:. : 

In ttie accumulated value calculating mode, switch 22 is switched to the side of fixed terminal 22b. Therefore, by 
/ the added;yalue;output from adder 14, iniage dftt^yal^^^ each.candidate pixel in level data memory 

35 portion 10 is updated. Namely, the value of inFiage:data L-Q] in.leve' data menrK)ry portion 10 is updated, in accordarrcs 
with the equation (3) b^ow. X- : ^i.- ; -co .vrv v • ''e :o ■- : .p - ' v ^ 

40 Thereafter, in write/read control portion 7. the value of the auxiliary variable j used for controlling the operation is 
incremented'(step.St1)i v3 . w: ■ - ... r v. >-.-vrv -r- . : ' ■ ^ n 

In step S12, it Is determined whether the value of the auxiliarv vaiiat>le j exceeds the number J of all the carrdidate 
pixels (step S12).rlf the va'ue of the, variable j. does pot. .ex cf all the candidate pixels, the process 

returns to step S1 1 . Meanwhile, if the value of the varta|?le j exceeds Ihe number? J of all the pixels, thejjrocess pro- 

.45 , ceeds tp tKe^ next step. Accordingly, for.th^. image. jlala coir^sp^ all the candidate pixels^ new image data cor- 

resporiding to the second phoilo-electric conv'ersipri outpu^^a^^ : f 

- Thereafter, the value of the auxiliary variable H tised.fcr controlling the accumulated value calculating mode Is incre- 

. : , mented,(step^Sl3).o- " ■ -C':- i /ce-^:::: ■ -:r -^''^ ■ ^' - ■ :v 

As described above, if the total number of photo-electric conversion is N, the value of the auxiliary v'anable k is com- 

50 pared, with N - t {step. S1 4). ■.: -.v : \ : ^ \ ■' ;■ ..Vrv--. ^. .' ' v;^ : r-. 

If the value k is smaller than N - 1 . the prccess, again returns to step S9. lyieanwhile, if de value k exc0^s N - 1 , 
the process proceeds- to the next step. ^ ^ci- ^^y'z 'v h U >^.;:%^'^y' - 

Therefore, the accumulated value calculating operation from step S9 to StSJs repeated (N r 1) tfnrteSjOn the* Image 
data corresponding to all the carriidate pixels.^, - . : ■ t ^-r^* ^ v 

55/. ; ;The third, fourth. Nth photOrelectricaHy corEvertedTOiitputs are accumulated for ev^ry.candidate pjxeL Ir) other 
words, ttie accunnulated value obtained by adding all of the N image data is stored for each candidate pixeL in level data 

. .. . ; -a ifi'jttie j^ta^^ the address^ value ot each candidate pixel is kept s^red^in position data memory 

/ v ; p^ >yhil& the, accurro eight j3Uels registered'a^ candic^^ 
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-,:f^ memory portion. tO. V'/ i.f- u - ■ . . 

. In the accumulated value calculating mode, switch 21 is open^ and the output frjSn>.jevel data memory portion 10 
Is notoutputtbadder12. > < . ht^v = r . • . v/is ^^rr ■ : : : / : ^ 

When calculation of accumulated Value of N times of image data of the carKiidate pixels Js completed, the process- 
5 ing by the write/read control circuit 7 proceeds to the next defective pixel determining mode.vr 

\f\ the defective pixel determining rnoderthe values of. auxiliary, variables J and k are initially set to "V., Further, the 
second threshold value THL2 for determining defective pixel is provided iri accordance with the followirig equation (4). 

•r- ■ ■- ■ : - - ^ : y-V^,.THL2.=.U + Q.";i • ^ ' :^ , ^ ' -.i/ . -'- - . (4) 

Here, the value U is calculated in step S8 of the candidate pixel registration nrKXje. and it is assumed that offset 
. value Q is set in advance. Calculation of the second threshold value THL2 corresponds to equation (1). 

Thereafter, comparator 15 compares the accumulated value L of each of the candida^te pixels stored in level data 
memory portion 10 vwth the second toeshold value THL2. (step S16)^ 
15 If the accumulated value L 0] of the jth candidate pixel is larger than the threshpid value THL2. the. candidate pixel 
/ is determined to be an actually defective pixel, and comparatorv 15 activates the second registration instruction signaJ. 
Defective pixel memory 16 receives the address value p [Q of the defective pixel from position data memory portion 9. 
and stores it as the address value d [k] of the actually defective pixel. Thereafter, the value of the auxiliary variable k is 
incremented (step S 17). - ^ . . . . , . . , . 

20 . Meanwhile, if the accumulated value L [j] corresponding to the carxiidate pixel is not higher than the second thresh- 
oW value THL2, the process proceeds to step Si 8. Therefore, the canddate pixel of which accumulated value L Q] is 
not higher than the second threshold value THL2 is determined to be not actually defective, and the address^value cor- 
responding to that candidate pixel is not transferred to the defective pixel memory 16. : : ^ ; 

In step SI 8, the value of the auxiliary variable j is incremented. Thereafter, whether the value of the, auxiliary vari- 
25 V abSe j exceeded the number J of all the candidate pixels is determined (step S 
: - . . ' If the value of the variable j is not higher than the number j :of;all:thevcandidate pixels, the process, returns to step 
. L SI 6. Meanwhile; if the value of the variatDle j exceeds the number J of all the candidate pixels, the defective pixel deter- 
mining-rrx>de is completed:- : r,ii'%^ ■■■■'^i;. V--' ['-^-^fh--:. r 

> : Namely, the determining operation from: step S16 to S18 is performed on all the^candidate pixels, Accordingly, of 
30 ifhe carxiidate pixels, only the addre^ of ^that candidate pixel of which conresponding accumulated value .^ceeds the 

> second threshold value THL2 is stored in the defective.pixel ^ ^ ; i ;^ j ; 

Again referring to the example of Fig. 2, assume that of eight candidate pixels, only two pixels (x3; ^3) and (x7, y7) 
r have the accumulated values of image data corresponcSng to the outputs of N tirnes of photo-electric conversion 
exceeding the'second threshold value THL2.r Inlhat case, only these two pixels are determined to be. actually defective. 
35 and their address values are Stored in the defective pixel memory -16. : ^ . r . ^ : r :v i 

V : As'described atXDve. not the, output of one photo-^l^ric conversion is conrpared with the: prescribed threshold 
value, but accumulated value of outputs of N times of photo-electric conversion is used for determiningwhether the 
pixel is defective or not Therefore, precision in determining the defective pixel can be improved. More specif ically, even 
when a high output is generated tenrtporarily, the photo-electrically converted output of .a . normal pixel is gradually set- 
40 tied to the mean value when photo-electric conversion is continued N times. Meanwhile, a defective pixel constantly out- 
pxjts a high photo-electrically converted value; Therefore, when these are compared using the accumulated values, the 
normal pixel can be clearly distinguisfied from a defective one. 'Further. . as the photo-electrically converted outputs are 
added repeatedly, the photo-electrically converted outputs from each pixel are increased by the number of repetition, 
^ arxl hence the dynarnic range of photo-electrically converted outputs can 

45 - Further, it is not necessary to set the first threshold value THL1 used in setting the candidate pixels with very high 
^ precision, since it is sufficient just to prevent overlooking of the defective pxel. Namely, even when some normal pixels 
are erroneously included when candidate pixels are extracted,' the normal pixels can be excluded subsequently in the 
-step of corrparisonvvith the second threshold valuer . : ; : 

The tinrvng for perfomning the defective pixel detecting operation above will be described in the following. Fig. 4 is a 
50'^ flow chart showing the operation of the system controller 50 controlling the overall operation of the image pick-up device 
100. V ■ ' ' 

: As will be described in the following, whether the defective pixeS detecting operation is to t>e performed or not is 
determined dependent on whether the battery in the battery containing portion has been exchanged or not with the 
power being off and the light intercepting plate 30a being at the light intercepting position. First the operation immedi- 
^ ' ately after battery exchange will be described; ' : ir, • ■ ; r ^ . ^ 

First system controller 50 d^ermines whether the battery has been exchanged or not (step S/l)- ' : : j • ; ? 
- ; ' = ' If it is deterrhihed that the battery has been exchanged-(step S72), system controller 50 resets tfie walue^of a deter- 

nrdnation flag F (step S72). ^Vl/i/-" v ^ .:h ;'f: o ,v.^;-r 

' r; i Meanwhile, rf it isdetermin^ that the battery not exchanged.' the value of the deternrtihation flag^Bis not reset 
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Whether the battery has been exchanged or not is deternfiined, specifically, in the following rhanrier. First, at thd 
time of battery exchange :: it! battery is taken out from the contarner tenpoi-arily, and hence at'that time, System con- 
troller 50 also becomes inoperative. When a new battery is attached, power is supplied from the battery to system con- 
troller 50, and the system controller 50 is initialized: In : this initial state, determinati^^ indicative of the 
5 determination as to whether the defective pixel detecting operation is ,tOibe performed is r^^ 

' ' therieafter, after the exchange of the battery is comfSfeted; sy^6mtk5ntroU^^ 50 determines whether or not the light 
; intercepted state is cancelled (step S73): ::-.^.\r-l}:::^'X?;^r-r^lr:v:j:->\ * s *^ :;i^;rv r 

More specifically, when the user is about to start norma! image pick-up operation, the user moves manually or by 
electric power, the light intercepting plate 30a from the light inftbrcepting position to the non-intercepting position. Sys- 
10 tem controller 50 determines whether or not there is such movement, by monitoring the output from limit switch 52 (step 

If the light intercepted state is not cancelled, the process returns :to 'step- S71 v . Nanriely. st S71 and 72 are 
repeated, which meansthattheinriagepick-updeviceiOO-issiibstamially set in a standby : 

When cancellation of the light intercepted state is cbhfirmed (step S73)i system controller allows power supply from 
15 the battery 51 to various portions of the camera, allowing norrnatl' image ^ickri^y aeration* (i5tep S74)/ ; 

Thereafter, system controller 50 determines whether or not the light intercepting plate 30a is moved from the non- 
irrterceptihg ix)sitibri to the light intercepting position^ ' 

When the non-intercepted state, that is. image pick-up state is conttnueil, tfie process returns to step S74. Namely, 
an endless loop is formed by steps S74 and S75, so that power on slate continues. . : t ' : ? 

20 Meanwhile; if the innage pick-up operation endi^ and the user moves the iight interceptirtg ptete 30a to the light inter- 
cepting position, the liight irit^itepting piate 30a is brought into corttact with limit switch 52. System dbnti-oller 50 detects 
that the light intercepted state is terminated; in accordancevvith the outpul:from limit switch 52 (step S75). - : 

When it is determined that the device is in the light ^intercepted state, ithen whether the value of the determination 
- flag Fisreset or not is determined {Step S76).^^^ : : ' = i ^5:J ^^vv ^ • ; - 

25 Now. if it is the first light intercepted state afrerthe battery ^<ihiange. the determination flag F is reset -in step S7Z- 

and hence the process pi oceeds to S72; At this time, the abbve described. defective ;pixel detecting operation is per- 
• formisid. More spfecifically. systenh controller 50 outputs mode signals forcandidatepixel regisftratioh. mode; accumula- 
tion value calculation mode and defective pixel determining mode, whereby defective pixel is detectedirWhen defective 
' pixel detecting c^Dei-atioh is conrtpleted. systenvcorttroller 30 turns off tfcta pbwer supply to various portions of the camera 
30 (stepS78). Thereafter, system controller SO sete the<*etem™nationcffag;Fs Bnd:1heprBcess'ag returns to step 71. 

Meanwhile, if the battery is not exchanged;deterrninationiflag F is set. and hence the process proceeds from^step 
, S76toS78; without perforrning defective pixel detection (ste^^^ i.-^;: - ; " :;. , = • ; \ : • ^ 

: Further' after the determination flag F is set in step S79 and: battery is. not. exchanged, the process proceeds from 
stepS7Vtegtep^S73. virfiei'eby tiie determination^ it is determined that the 

35 light intercepting state is cancelled (step S73). poweris turned oii,.aUowing.norfna! image pick-up operation. 

Wheh' it is deternrtirted'that the light intercepted:state is riesumed thereafter (st^ 375). whether or notthe dete^mS- 
rtationflagt^fe4^eSetiSdetermined (stepS76);: ^-^^ c . ; ^: . 

Since^attfery i^not ^changed.'determirafrbriflag FiisKeptattiiesel sta^ and;hence.the process proceectefrom 
step' S76 to S78: The~ref6rfei in this case, defective pixel detecting operation is not perfornried, and the pajver is turned 

' ■ In this manner, defeactive pixeldetectlng op^tion is performed only once after the battery in the battery containing 
portionis exchanged, ^tritir flie next t>attery excfiarage: Namely; when the light intercepted state is cancelled and normal 
image pick-up opei-atibh is performed ifOT th6iirst time^after .baitt^^ and the camera is set to the. light inter- 

cepted state and transition to tbelight intercepted state is: detected from the output of limit switch 52, the defective pixel 
• 45 detecting operation is perfoi'hied:^Thereafter.:th8 defactivBipixel dete^^ operation is not perfomied even when the 
- : light intercepted state is repeatedly cancelled/restored, unless the battery is exchanged. Therefdre, power consunr^tion 
associated with the defective pixel detecting operation can.be suppressed. :U r:^ - . ^r 

Here, the battery capacity, in an elecfronic still camera, for example, is set to allow picking-iip arKi storage, of about 
200 still images. 'Further, in a general CCD. frequency of igeneratiori of a new defective pixel caused by aging is suffi- 
50 ciently low. Therefore, defective pixel detecting operatiortonly oncaat every t>attery exphange is ^uffident toquicMy dis^ 
cover the newly generated defective pixel. 

The defective pixel memory 16 is formed by TOnrvolatile, mennory, such as an EEPROM oran RAM with battery 
t>ack up. so that the position data of the defective pixel stored in defective pixel memory 16^n be maintained at the 
■v-**--:t!me'offt>attery exchange.-'' ^"cr ^ ■;: :r'':,.y v ;c-' ^■;.:' • o r'^. ^ • - ^k- vi-.-^vr--. 

55 Rg. 5 is a schematic block diagram showing the stnjcture of the image pickrip signal: output portion pfimage pick- 
up device 100:- v;^j-;,, 5v-i -.^ :; ■; --^ ^-'^..M v'vTj 5.. . ■ ' ■■ ' ^: . ' --^.^v^' -" ' ' 
' : !t: . ' ; ' Inriage pick-iq) devtcerl 00 includes an optiral system 1 receiving ligh} froinftesubj.ept and forming an optical image 
therefrom, a CCD2 for converting the optical image to elecfric signal, an analog/digital converting pprtion 3 fw corivert- 
. ing are olxtpu: from eCD2 to a digital signal^ a^maini image menrory 4 for storirig. t franie.of Jnriage pick-Mp signals, con- 
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verted to digital signals, a write/read operation control circuit 7 for.controlling data writii^^ and reading operation to and 
from the main image-memory 4. a tinpjng, signal generating circuit 5 for supplying ^fi.pperationarclock to CCD2 and 
- write/read ,rantrol circuit 7, a defective pix^j cjetecting portion 43 receiving an^ujpi^.ffqm^^^ memory 4 for 

, . detecting a defective pixel in CCD2/^ defectiv^ pixel memory 16 storing position cteta of the detected defective pixel 
5 and applying the position data to write/read control circuit 7, and an interpolating circuit 40 for interpolating that one of 
the image pick-up signals read from the main image menrrory 4 which corresponds to the defective pixel, by using image 
pick-up signals of the pixels therearound. 

The operation of the image pick-14) device 100 when the user performs normal image pick-up operation by using 
. V the device 100 which is. for example, an eleptric still camera will be described with reference to Fig. 5. 

When the power switch provided on the body .of, iniage pick-up device .100 is turned on. light intercepting state of 
. -Iight.intercepting mechanism 30 is cancelled. By pressing a shutter bottom (not shown), the light from the subject forms 
an ifTiage on CCD2 through optical system 1,^ = >:i ; ^ • c . 

The fornis optical, image is subjected to photo-electric-conversion at CCD2, and converted to a digital signal by A/D 
converter 3 pixel by. pixel The inrage pick-up data are successively stored in main Image memory 4. When storage of 
/5 the image data of all the pixels is completed, image data is successively read put pixel by pixel, fronri the rriain image 
, memory 4..- i ; " .: - ^ '• ~ ■ • . ..v. - - \- : . ^ - . - - A; • • .; • ■ ■ - 

Fig. 6 is a schematic diagram showing arrangement of color filters provided on the light receiving surface of the 

Referring to Fig. 6. color filters of three primary colors, that is. R. G and B. for example, are arranged mosaic-wise 
on the light receiving surface of CCD2. Namely, each pixel of CCD2 bears the.color filter of. any of these primary colors. 

jTherefore, if the defective. pixel corresponds to color filter of R, for example, image data from the defective pixel is 
: interpolated in the following manner. . : -^t u ' ^ . t - ; r r . ^ - 

Fig. 7 is a schematic diagram showing weight on the perpheral pixels for help. understand the interpolating opera- 

. tion rnerrtioned above. . . ,^ . - ... r, ->^'.- - ; : r- . i;. r 

25 • :The image data of the defective pixel at the center is interpolated by the irrage data frorn eight pixels: All to A33 
V -which are at upper and lower. left and right and orthogonal positions with respect to the defective pixel;corresponding 
to the R color filter at the center The eight pixels have respective weights allotted thereto, as shown in Fig. 7. Image 
: data.corrJBsponding to each of.tiiesejpixels is.mMltplied:by the'weight...arid the resulting values are added, and the 
added sum is divided by the totatsum of the weight, whereby the <iefeGtive pixel can be interpolated. ^ : 
[v, : : More, specifically, when image:clata is read from tiie main. image memory 4. write/read control circuit 7 constantly 
nrtonitors the address tof the idefective, pixel stored in defective pixel memory 16. When the pixel ODrrespording, to the 
£ r image data to be read next is not-a defective pixel, write/read control circuit 7 have tiie jmage data corresponding to tiie 

^r address of the pixel be output asitis-i r. i^;,; . ; < ; -n-' ? z.:- ^. ^ ^ ' \< y^r ^ 

Meanwhile, if the pixel corresponding to the image data to be. read next is a .defe^ive pixel, . the inriage data of the 
35 acfcJress of the corresponding pixel is not read.: Instead,. image data of eigfrtpixels (Al l; A12, A13; A21,-A23,"A31, A32, 
2:. A33). around the defective pixel are read, which are output :to the interpolating circuit 40 pf the succeeding stage, as 

shown in Fig. 7. s — , ^ . ; 

^ : r : Interpolating circuit 40 is controlled by write/read control circuit 7, and if the. input image data does.not correspond 
■I - to a.defective pixel, it does not, perform interpolating but outputs the input image data»as it is; Meanwhile, if the pixel 
40 corresponding to the input image data is a defective pixel, it calculates interpolating data for, the defective pixel based 
on the image data values of eight pixels input for irrterpolating desaibed above, in accordance with the operation rep- 
resented by the equation (5). Therefore, instead of the Image data from the defective pixel, image data compensated 
for by the image data from surrounding pixels is output from interpolating 40. 

^ ' * - - A - ^ ^ (A:i2^A21+A23+A32y'{A11'¥At^^ : 

■ ' ' " ■ - y-\n:-:. ! , ; :2 + 2 +^2> 2 - l^-r rt-1 s-' :^ ' ^ ' ■ ' . ^ ' 

Interpolating operation can be similarly performed when tiie defective pixel ccrresporKfs.to the color filter B or G. 
so The interpolating operation by interpolating circuit 40 can be implemented by using a two-cfimensional digital filter. 
^ T Further, if tiie color filter corresponding to therdefective pixel is G, interpolating operation 'Other than the operation 
described above with reference to Fig. 7 nriay t>e performed. : ^, 

Rg. 8 is a schematic diagram showing arrangement of peripheral pixels for interpolating, ifthe defective pixel cor- 
' respords to the color filterd G. - r * . ' : . : . v ' h ^ . . : : \ 

55 " Forthe defective pixel corresponding to the color filter of G positioned at the center, same weight is added to four 
pixels at diagonal positions By using the mean value of the image data from these four pixels, the image .data at the 
^'-.-xenter can beinterpolated;>' -v --'i/r. ;^ -.i-.^--" •■: t:;: ^ 

b: Further, Other than the staicture in which image data corresponding. to. tiie.defective pixiel is. by the 

image data from a plurality of pixels therearound, as described above, a structure;i5;possibte in which it: is replaced by 
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image data from a pbcei cSDrrespcrfdihg to t^^^ " ' ^ ' • ' • 

InRg. 5. thebiocksh^nasthedefe^ 
\ tors 11 and 15; addersM2 kn0'r4^a^ threshold value calcul'atirig cirbiiit'T3 shown in Fig. 1 : The operatibfii of the cfefec- 
tive pixel detecting porti.6n ^3 'may be impliernented In soflware/by using a li^ ihFig; 5, address generating 

5 - circuit 6 shpwii in Rg. tis^n^^ / ' ' VV / 

[Second Embodiment] ^ - - 

In the first embodiment, by the comparison at conpar^t6rl5."ohly-<he address of the candidate pixel 6f which cor- 
10 responding accumulated value exceeds the second threshold' va[tueThfL2 is transferred from the position data memory 
- - portion 9 to defective pixel memory 1 6. More specifically; whierif it tedeferrtiined that the accximulatecl value correspond- 
ing to the candidate pixel exceeds the second threshold value THL2/ comparator 15 output the second- registration 
insitruction signal, so that defective pixel menx)ry 16 takes the 

In the second emtKxJiment. a defective pixel detecting circuit and an image pick-up device containing the same are 
75 provided which can reduced the nurT±>er or capacit/ of the memory as^^c^^ 

Fig. 9 is a schematic tiiock diagram showing the portion related to the defective pixel detecting circuit in the image 
pick-up device 200 in accordance with the second ernbbdiment. -r y / : . - ^ ; 

Different from the first embodiment. In the second embodiment, the position data memory portion 9 also has the 
' function of defective pixel memory 16, so that Iheyefective-F^^ ' - - 

20 More specifically, when the accuiruilated va coitesporidirig to a candidate pixel is not higher 

than the second threshold valiie THL2; an erasui e iristiruction signal is output to the candidate pixel memory 8. 

Except this point, portions corresponding to those of the first embodiment are denoted by the same ref eirence char- 
acters and descriptioiri thereof is not repeated. - ■ ' ^' ^ ■ 

When it is determined that the candidate being compared by connparator 1 5 is determined to be not actually defec- 
ts' live- the comparator outputs an eraisur^ instrlictibn signaJ; and upori rieception of the erasure instruction^ signal, candi- 
date pixel ifierribry' 8 erases the-address' vallie 'of the'corresporiding candidate piicel^ from the position data memory 
"■ portion 9r' H'..- .o- . ■ ■: "> ^-•^t^:^i^' rr .i-.". -^■i-::-::r:o ^n" > a^m'-C -y'. --''il rf .j o> 

' ■ Therefore, when coriipkrison of all the candidate pixels is cbmpleted in comparator^ 15. dniy th^'addresiS value cor- 
responding to the actually defective pixel kieft-^^^^ - \" ^ ■ •* '2 ^ - 
30 Whten nornriarirtTage pick-up operation is to be performed, intferpoiating ^gperatior* of the inr^ge data c<>rresponding 
to th6"dafectivfe pixePtan be performed by usir^gthfecd^ 9^= --^v :-.v.. ^ ' 

Accorcfingly, nn the image pick-Up device in-acCdrdarice with the second ehibbdimentras comp^rectwith the image 
pick-up device 1CX) of tiie first embodiment detection of defective pixel can be carried out^t hicfh ^eed with high pre- 
cision .while reducing the nurnberdr capacity cf the menriory,^ 1 :^ : ^ : . 
35 Furlher, when h isJ adapted such that the defeCtiverpixel detecting operation is performed only once at every battery 
exchange^ as ih^the first embodiment; power tDrtsUmption^ for detecting the. defective pixel caused -by aging 
of the CCD can be reduced. - ' • - 

Although frifij present invferition has been descrit>ed ^ndlllustrated in d^tailr it is clearly understood that the same is 
by way of illustratidiFi drtd example only and is hot to be taken by way of limitation, the spirit arid scope of the present 
40 invention beihg limited bhiy by the teJrrns of ^^^^ ^ - ^^'^ " 

1 . A defective pixel detecting circuit for a solid state image pick-up device, comprising: 
45 . . light intercepting means (30) for irileiccepting incidence pf lightio the sojid state image pick-up device; 

image nnenrory (4) fbr storing inriagetpiti-ijp sig pixel from said solid state image pick-up device 

with the light intercepted, as Image data; and 

defective pixd specifying means fbr specifying a defective pixel in said solid state Image pick-up device, 
based on the irnage data In said Image memory; wherein ^ Qf i ^ . 

50 : said defecti\/e pixel specifying means includes ^ ^ f * r : iv 

operating means for reading image data of:;one inniag& plane obtained with the ^Ight Interested from said 
image menrory and for comparing the data with a f irst thfeshokl value pixel by pixel for. extracting a possibly defec- 
tive pixel, and'' ^y- ' •• ' • ,j''y^y : ■■ r- • -C' • 

accumulated value calculating means (14) for calculating accumulated ^^lue of fheimage dtfia of each said 
55 * r possibly. defective: pixel, by reading a prescribed rrumber of timesvthe innage^pick-up signal from said solid state 
: , image pick-up device with the light being irTtercepted; ard wherein^ - ; . . : o .. ? ' 

said operating means specifies, by comparing said accumulated value of each saki possibly defective.pixel 
: V. with a second thr^hoW value, that possibly defecftive4)lxel of which accumulated value ecceeds said second 
/threshoSd value as^a.defective:pixeli ^ ^;:.:----rv .-v; z^^-- .---i^r.-v /-^'v:-^.- r 'i -nj-r^- 
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2. ,The defective pixel detecting circuit for a, solid state image pick-up device according, to claim 1 . wherein 
^ — " ' ^ said bperating rrieans i:al6ul^tes said second threshold value based on me;ah vkiue of the image data of said 
one image plane calculated in the process of extracting said possibly defective pixd arid on a preset offset value. 

5 ,3.. The defective pixel detecting drcuit.fbr a solid. state irinage pick-up device according to plainft .l / wherein 
said operating means includes \ , . 

first comparing means ( 11 ) for reading image data of said one image plane with the light being intercepted, 
from said innage memory, for comparing the data with the first threshold value pixel by pixel. 

. , possibly defective pixel memory (8) for determining a pixel of which image data exceeds said first threshold 
10 value as a possibly defective pixel based on. r^su^ of comparison by said first coniparmg. means, and for storing 
position data and, image daiayalUe of s^ 

second comparing means (15) for comparing said £iccumulated value of each said possibly defective pixel 
. with the secpnd threshold value, and 

, defective pix^J memory* (16) for storing po^itlbh data of the possibly diEffective pixel of which accumulated 

/5 ' value exceeds said second threshold value as defective pixel positiori data, based on result of cornparison by said 
, second conrqDaring means; and . . , . / . ' . . v 

, / said accumulated value calculating nieans calculates, after storage of the position data and the innage data 
of all possibly defective pixels in said possibly defective pixel nriemory is completed, said accumulated value of 
image data of each said possibly defective pixel. 
20 ■ ^. . 

4. The defective pixel detecting circuit for a solid state image pibk-up device according to'daim 3, wherein 
_ . ^ , , said operating nrieans calculate said second threshold value based on Im^an x^lue ol^t^ image data of said 
one image plane calculated in the process of ectracting said px)ssibly defective pixel and on a preset offset value. 

25 5- The defective pixef detecting circuit for a solid state image pici-up device accordirig'tq daim l . wherein 
said operating means includes m \ . ^ - ^ ' 

, ^: , .first conripai:ing rnean;5 (11)^f^^^ reading image d^ta pf said d^^ intercepted, 
- r i . \ from sakJ image menribry the data with the by pixel. 

30 , , , . be a poss%)|y,defective pixel based.on result of comparison by said first conrparing means, arid ibi' storing position 
r J ^dataahdJra * . , , , . , 

second comparing nrieahs (15) for comparing s^d accumulated y of each said possibjy defective pixel 
withr tile, second threshold value, for erasing position data of that posstoly defeciiye pixel of Which accumulated 
■^.■./,\[ .value cloes riot exceed said secpri^^ 

35 said accumulated value ^iculating nrieans calculates accumul^ed v^iue ot irriage data pf each 'said possi- 

bly defective pixel after storage of position data and image data pf all the ppssibly defective pixels m said possibly 
, defective^ pixel nriempry is corrpleted, , , . '.^.-^r . , r/ -^V / ? 

6l The defective pixel detecting drcuit for a sdiid state image pick-up device according to daim 5. wheretri 
40 said operating means calculate said second threshold value based on mean value of the irhage data of said 

one image plane calculated in the process of extracting said.pNpssibly defective pixel and on apreset offset value. 

t7- j . An irriage pick-up devjce, comprisirTg:.r ' ^ ^ , . , '"^J,^ , . . ' 

image forming means (i) for receivihg light from a subject and fdr foirnriing iah image; 
45 a solid state image pick-up device (2) for converting an optical image formed by said image forming means 

to an image pick-up signal; 

light intercepting means (30) for intercepting inddence of light to the solid state image pick-up device; 
image memory (4) for storir^ image pick-up signal of each pixel from saki solid state Image pick-up device 
with the light irrtercepted. as image data; and 
50 defective pixel specifying means for spedfying a defective pixel in said solid state image pick-up device, 

based on the image data in said image memory: wherein 
said defective pixel specifying means indudes 

operating means for reading image data of one image plane obtained with the light intercepted from sakJ 
image memory, and for comparing the data with a first threshokJ value pixel by pixel for extracting a possibly defec- 
ts five pixel, arxl 

accumulated value calculating means for cateUating accumulated value of tiie image data of each said pos- 
s33ly defective pixel, by reading a prescribed number of times the inrrage pick-up signal from said solid state image 
pick-up device with the light being interc^ed; and wherein 

said operating means specifies, by comparing said accumulated value of each said possibly defective pixel 
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with a second thresj]'^i(g,\^lue that*p6ssibly defective pi)cel of whiph accumu exceeds said second 

, threshold value as a df f^<nive,p , . . . _ . '\ . . ..^ . . . J, . \ , - 

said inrage pidi-u'p device further corripriising -.^ . . . * ^ r . 

interpolating rneans (40) for interpolating the image pick-up signal corresponding to said defective pixel by 
5 using image pick-iip signals of surrounding pixels based bh *dat£i df tiii;'defSctive ^^^^^^ specified by said 

operating means., ^ _ _ ^. _ _ 

8. An image pick-up device comprising: ^ ^. . ^[^''S-'^^.i..'-.-^^ r ■'.r^!'.'^^.\ri\r\'-:--''l[~..''^ ' 
light intercepting rneans selectively ! 
10 light to a solid state image pick-up device and a li^t nc^-in^^^ F^sition; 17 .. j ^ ^ ^^^^ 

a battery (51 ) attached to a battery ;atta<^in^^^^ supplyiift^ piiwer to itfie !>ckJy of th^^ ihriage pick-up 

device;and ■ - ■ \ 7/■'"^7-.'X,•.■^^^•*^-^- .-.■-'^^ i-.. 

defective pixel detecting rneans (43) for dete<3^ 
cepting ppsition. a defective pixel . of said' solid state, image pick-up deyib^^^ a level of image pick-up signal 

15 of each pixel from said solid state image pick-up devicer wherein " 7 1 - j t 

,^td defective pixel detecting means performs defective pixel ^de^ectini^ operation only when isaid light inter- 
' cepting rneans is moved from the light non-intercepting" p^ Ijght intercepting pdsitibh the first time 

after said battery is attached to s^id battery attachiri^^ . ' !. 

20 9. The image pick-uR device according 

said defective pixel de^^^ ? : , * 7. ' 

7 . t image memory for storing the ima^e pick-^ eachjDixei f^dm s^^^ state, inflate pick-up device 

with the light intercepted, as im^ ' 

defective pixel^ specifying ifneans for specrfyii^ a d^fe^ ^ixel of said, solid state image pick-up device. 
25 based oh tiie image data in said image memory: w^ ' " ' ' ' 

. said defective pixel specifying means iricludes 7 ! . ■ ■ 7 ' ' ' \ 7 

operating .means for reading Ira from said 

Image memdry/ahd 'fof 00^ the dktawhh'a^irst threshold ^^aliie pixel by'pixei for ^xfradtihg a possibly defec- 

tfve pixel.: and ^ . ., . ....... .^.1. /' , , ,,->7. ^....i ... 

30 " acxumuiated Valiie calculating me^nVfoV df/ihiagVda^^^^^ br^ch sakl possibly 

defective pixel, by reading a prescribed numb^e^^^ iyi^Qe'pi^-t^^ pick- 

up deyiic^ with ti^^^ 7 ' 7 . , 

■ ' ' 'said operating mbaris^ cortparih^^^^^ sard possibly defective pixel 

with a second threshold yalue, that pc»s&y \c^^^ of wtiidi accUmbiated vialue exceeds said secorxJ 

35 thr^^pld i^alUe as a.d^^ . ^ Z'^! ^ . T . 7 ' " 7. 7. 7' 7 

'said imagei pidk-iip^ : 7 , 777/ . ' 7 

replacing means for replacing the image pick-up signal correipohding to said defective pix^ with a signal 
based on an image pit^-up signal of at least one sunroundirig pixel selected on the basis of data of the^defective 
pixerppsftiori s^ . \ 7 .17 ',' 7 ' /, ^ = 

V -7' 7'? .* ' ' ' " 7 ' 7" 7!" - 7 ' " "\ - ! V/' " - • * 

16. The image pick-up device ac^ ^ ' ^ . > • ^. : ^ 

said operating means calculate said second threshold value based on mean value of the image data of said 
one image plane calculated iri the. process of extracting said possit?ly defective pixel and on a preset offset value. 
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